A 69-year-old man developed keloid overgrowth on his left cornea in response to an injury from a fingernail. The lesion was removed by superficial lamellar keratectomy and was studied by electron microscopy, and light micro scopy after immunoperoxidase staining for actin. The surgical specimen revealed disorganised, anteriorly atro phied and posteriorly vascularised connective tissue stroma. The epithelium was oedematous, thin, non-kera tinised, and contained cells with features of myoblastic differentiation. Stromal fibroblasts were found in several distinct ultrastructural forms including young active fibroblasts, myofibroblasts, inactive fibroblasts (tibro cytes) and 6broblasts with prominently fibrillar cyto plasm. Fibroblasts with glycogen storage and/or pseudonuclear inclusions were also seen. Macrophages and lymphocytes were scattered in the stroma, and intact nerves were also present. An irregular 2-65 11m band of 10 nm filament meshwork existed at the posterior border of the keloid stroma, and deep localised patches of cli matic degeneration were detected.
Eye (1993) 7,379-387 an active growth phase which persists from 6 to 12 months, leading into an inactive mature phase which may last years.5 Active spread of scarlet to pink fibrotic tissue over the wound surface corresponds histopathologically with the fibroblastic stage. Formation of the white, rigid, hypertrophic scar marks the inactive mature phase and corresponds to the fibrous and hyaline stages.
Corneal keloids are quite uncommon. Sixty-eight cases have been reported in the last five decades.6-18 Most cases followed corneal perforation or injury, sometimes with iris incarceration. Two cases have been associated with rubeola,9 6 cases with Lowe syndrome,13,15 and 5 cases existed at birth without any evidence of prior corneal injury.6,1O,1l,17,18 Only in 4 of these 68 cases of corneal keloids was there any ultrastructural investigation. [15] [16] [17] [18] In this study, we performed a detailed ultrastructural analysis of a post-traumatic corneal keloid. We were able to find immunohistochemical and ultrastructural evidence for the presence of 'fully developed' myofibroblasts and epi thelial cells with features of myoblastic differentiation in a corneal keloid.
CASE REPORT
A 69-year-old man presented with a 5-month history of progressive painless decrease in vision in his left eye fol lowing trauma from a fingernail. He had noticed progres sive opacification of his left cornea. His past ocular and medical history were unremarkable. A corrected visual acuity of 20/200 was found in the right eye, the decrease in vision being accounted for by climatic droplet keratopathy and an immature cataract. With the left eye he could see hand movements only, and slit lamp examination revealed a whitish, well-demarcated, slightly raised mass with a smooth and glistening surface covering a large area of the cornea. The unaffected sections of cornea were clear, and the anterior chamber appeared to be of normal depth, but the lens showed early nuclear sclerosis. The rest of the examination was unremarkable.
The patient was seen again 11 months later. By this time the lesion on his left cornea appeared slightly larger. It was removed completely by a superficial lamellar keratec tomy. At surgery, the lesion was found to separate easily from the remaining cornea. No evidence of any previous corneal perforation could be seen biomicroscopically.
Four months after surgery the cornea remained mildly oedematous, and mild superficial scarring was observed. Eighteen months later the patient could see hand move ments only and there was recurrence of the corneal keloid.
HISTOPATHOLOGY
The extirpated tissue formed an unevenly circular button, greyish-white in colour and densely opaque. It measured about 8 mm in diameter and 2.5 mm in thickness at its centre. The specimen was fixed in neutral buffered for malin, then bisected; one half was processed for light microscopy and the other for transmission electron micro scopy. 19 Stains for light microscopy included haematoxy lin and eosin for general morphology, Alcian blue for mucopolysaccharides, PAS for glycogen, Verhoeff-Van Gieson's for climatic degeneration, and both Congo red and crystal violet for amyloid. An immunoperoxidase stain was applied by a peroxidase-antiperoxidase tech nique with anti-actin antibodies?O 
Light Microscopy
The mass consisted of fibrovascular tissue covered with four or five layers of non-keratinised squamous epithelium which was absent in few places. Both stroma and epi thelium were oedematous; Bowman's layer was entirely absent, but a fragmentary epithelial basement membrane was present.
Collagen fibres and lamellae varied in size, and coursed irregularly in the stroma of the keloid mass, with ample interstitial space anteriorly. No nodular or whorl-like pat terns of collagen arrangement were detected. The inter lamellar ground substance showed moderately positive reactions for mucopolysaccharides, particularly in the anterior parts of the stroma. Fibroblasts, more numerous anteriorly, exhibited moderate cytoplasmic basophilia and hyperchromatic, oblong nuclei, sometimes with an irregu larly twisted appearance. Occasionally they displ a yed strong PAS-positive reactions, mostly anteriorly. No mitotic figures were seen. Immunohistochemical staining revealed positive reactions of some basal epithelial cells and many fibroblasts with anti-actin antibodies (Figs. 1 and 2). Actin-containing fibroblasts were present mostly in the posterior parts of the stroma. In this, also, small blood vessels and capillaries were irregularly distributed. Neither mast cells nor plasma cells were detected, but a few lymphocytes and polymorphonuclear leucocytes were present. Small punctate deposits that reacted positively with Verhoeff-Van Giesen's elastic stain, characteristic of climatic degeneration, were occasionally seen in the deep est portions of the excised tissue.
The posterior boundary of the keloid was lined by a dis continuous layer of amorphous deposits, 2-65 !lm in thickness. These deposits stained positively with the special amyloid stains of crystal violet and Congo red (Figs. 3 and 4). However, they did not show any bire fringence with polarised light. These peripheral amor phous deposits occasionally invaded the posterior stroma of the keloid mass in irregular localised patches.
Electron Microscopy
The epithelium consisted mostly of spindle-shaped cells. In certain localised regions, epithelial cells were more electron dense ('dark') at the base than at the surface. Intracytoplasmic tonofilaments were much more numer ous in the 'dark' basal cells, where they were grouped into bundles, than in the 'light', more superficial cells, where they were distributed diffusely (Fig. 5) . Features of myo blastic differentiation comprising peripheral bundles of 4 nm micro filaments with focal densities, were detected sporadically among basal cells of the epithelium (Fig. 6 ). Many epithelial cells were moderately vacuolated, and intercellular spaces were frequently widened. Hemi-des mosomal junctions between basal epithelial cells and the underlying basement membrane were mostly absent. Nerves were not detected anywhere in the epithelium.
The stroma of the excised keloid mass lacked the reg ular orientation and dense packing of collagen lamellae peculiar to corneal stroma. Instead, these lamellae were oriented haphazardly and relatively loosely (Fig. 7) . Col lagen fibrils varied in thickness (diameters between 15 and 37 urn) and showed a distinct periodicity of 500 nm. The interstitial spaces, most prominent in the anterior portion, were occupied partly by irregular patches of fibrillary and homogeneous material. The fibrillary material consisted of scattered bundles of thin filaments, less than 12 nm in diameter (Fig. 8) . The homogenous material displayed, in some places, a banded appearance reminiscent of fibrous long-spacing collagen with an average periodicity of 75 nm (Fig. 9) .
The amorphous deposits lining the posterior boundary of the keloid stroma comprised an intricate meshwork of thin filaments measuring 8-12 nm in diameter (Fig. 10) . Towards the interface with the stroma of the keloid, this filament meshwork merged discontinuously with collagen fibrils. Numerous minute vacuoles were enmeshed singly and in clusters in this irregular limiting filament band.
The cell population of the keloid stroma consisted pre dominantly of fibroblasts, with moderate numbers of macrophages and a few lymphocytes. The fibroblasts were not compressed among the loosely packed collagen lamel lae and tended to be oval or moderately elongated; occasionally they were stellate in shape, but they did not have any of the long cytoplasmic extensions typical of cor neal keratocytes. Ultrastructurally, fibroblasts were of sev eral distinct morphological forms. The active young variety (Fig. 11) had a well-developed rough endoplasmic reticulum, several Golgi complexes, numerous mitochon dria and one or two hypertrophied marginal nucleoli, all Higher magnifications of the filament band demonstrating, respectively, the random arrange ment of the 10 nm filaments (x49 000) and the presence of vacu olated structures (x23000). Fig. 11 . Electron micrograph of young fibroblast in keloid stroma showing well-developed rough endoplasmic reticulum, numerous mitochondria, Golgi complexes and marginal nucleo lus (x5000). Fig. 12 . Electron micrograph of fibrocyte in keloid stroma showing markedly dilated rough endoplasmic reticulum con taining homogeneous material of medium density and irregular electron-dense deposits (x 7750). Fig. 13 . Electron micrograph of fi broblast in keloid stroma showing glycogen storage (g) (x6000). Fig. 14 . Electron micrograph of fibroblast in keloid stroma showing nucleus (n) with large pseudo-inclusion (i). Note the presence of bundles of micro filaments with focal densities in the inclusion (x10 500). Fig. 15 . Electron micrograph of myofibroblast in keloid stroma showing the subplasmalemmal tract of micro filaments with focal densities (t) (x7750). Fig. 16 . Electron micrograph of myofibroblast in keloid stroma most probably in contracted condition. Note the twisted subplasmalemmal tract of microfilaments (t) and the three myo fibroblast-stroma attachment sites (a, b, c) (x3900). (a) A higher magn!fication of attachment site (a) showing an intra cytoplasmic short bundle of micro filaments (mf) perpendicular to the plasma membrane, and a more electron-dense stouter bundle (s) that inserts into the stroma (x49 000).
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indicative of active protein synthesis. Conversely, the rela tively inactive fibrocytes contained few profiles of rough endoplasmic reticulum and a paucity of other organelles. In some fibroblasts, the rough endoplasmic reticulum was markedly dilated and contained homogeneous material of medium density, often including electron-dense deposits (Fig. 12) . Some fibroblasts showed large accumulations of monoparticulate glycogen (Fig. 13) , while others con tained many lipid inclusions. The latter inclusions were not membrane-bound and had localised clusters of ribo somes along their periphery. Nuclei in some fibroblasts displayed pseudo-inclusions (Fig. 14) containing cyto plasmic material separated from the nuclear matrix by a double membrane, apparently an extension of the nuclear envelope. Fibroblasts with dilated rough endoplasmic ret iculum, glycogen storage and nuclear pseudoinclusions were detected mostly in the anterior stroma of the keloid.
Many fibroblasts, particularly in the posterior half of the keloid stroma, had the ultrastructural characteristics of myofibroblasts. These cells incorporated subplasmalem mal tracts of micro filaments less than 4 nm in diameter, oriented parallel to the long axis of the cell, with focal den sities along their length (Figs. 15 and 16 ). Intracellular, closely packed bundles of shorter microfilaments extended across the cell membrane into the extracellular space at opposite ends of the long axis of the cell (Fig. 16) . Furthermore, occasional nuclei were convoluted, with an accordion-like appearance. However, desmosomes join ing myofibroblasts to adjacent cells were not detected.
The varieties of fibroblasts and fibrocytes described above all had fibrillar cytoplasm. The degree of fibrillation ranged from sparse to dense (Figs. 17 and 18 ), but the sparsely fibrillated cells were more numerous than the densely fibrillated ones.
Macrophages were present mostly in the anterior keloid stroma. Some of these cells had many phagocytic vacu oles containing collagen fibrils (Fig. 19) ; others displayed prominent cytoplasmic processes but with only occasional lysosomes and phagocytic vacuoles present. Polymor phonuclear leucocytes were only seen within the lumina of blood vessels. These vessels had round to oval lumina that were delineated by endothelium and related pericytes. A thickened lamellar basal lamina was present in most blood vessels observed (Fig. 20) . The innermost lamella was intimately applied to the endothelium and embraced the pericytes.
Nerves were sporadically seen in the posterior portion of the keloid mass. They consisted of numerous non myelinated axons, enclosed in Schwann cells (Figs. 21  and 22 ). Highly electron-dense, irregularly shaped bodies, limited by a single membrane were seen in some nerves. These may well represent lipofuscin-containing residual bodies, the presence of which is related to our patient's advanced age.
The deposits relating to climatic degeneration which were detected in the posterior stroma of the keloid mass consisted of highly electron-dense homogeneous globules of variable size, embedded in a vacuolated matrix of granular amorphous material (Fig. 23) . These electron dense globules merged with the matricial amorphous material and in some places displayed a biphasic appearance.
DISCUSSION
O'Grady and KirklO believe that the clinical appearance of hypertrophic scars is specific enough to justify their inclusion in the differential diagnosis of any glistening, white, protuberant corneal mass; biopsy will define the final diagnosis. In our patient, the diagnosis of the corneal lesion as keloid was based on five clinical features:
1. The lesion was greyish-white, elevated, firm, smooth, shiny and well demarcated from adjacent tissue.
2. There was a clinical history of an injury from a fin gernail preceding development of the lesion.
3. There was continued growth of the lesion for over 18 months.
4.
Corneal thickening was caused by fibrovascular hyper plasia, thought to be secondary to scar formation even though no microscopic evidence of any trauma could be detected.
5.
The lesion, devoid of any displaced dermal elements, covered a large area of the corneal surface, well beyond the presumed localised site of the presumed causative fingernail injury.
These findings, while not precluding corneal dermoid and primary fibroma,6 are most consistent with the diagnosis of keloid. In contrast to some earlier case reports,6-9,11,16 in our patient there was no evidence of corneal perforation, or of iris or lens incarceration. This suggests that the keloid in our case originated from primary corneal rep arative processes rather than from a direct participation of the iris or lens in scar formation. 8 Histopathologically, we found features of our keloid specimen different from those of corneal keloids reported Electron micrograph of longitudinal section of a nerve in keloid stroma showing numerous unmyelinated axons and highly electron-dense bodies (arrowheads) probably repre senting lipofuscin residual bodies (x5000). Fig. 22 . Electron micrograph of transverse section of another nerve in keloid stroma showing many unmyelinated axons, a Schwann cell with prominent nucleus (n) and basal lamina (arrowhead) (x5000). in the literature. The epithelial coat of our keloid, a con tinuation of the corneal epithelium, was non-keratinised, thin and denervated. Apparently as a result of a degenerate basement membrane, it had detached completely at some loci along the keloid surface. The epithelium was oedema tous and displayed the dark-cell/light-cell phenomenon possibly attributable to excessive dehydration. 21 In com parison, epithelia of corneal keloids in cases in the liter ature have been reported as keratinised and hyperplastic,6-10.15-17 occasionally with mucoid degener ation6 and lipid infiltration. 17 The detection of epithelial cells with features of myo blastic differentiation, in our case by immunological and ultrastructural techniques, has no parallel in the literature on keloids. Such epithelial cells have been reported, how ever, in healing experimental skin wounds,22 and in regen erating epidermal cells following experimental production of blisters.23 Under these conditions, the development of contractile elements in epidermal cells was shown to be reversible. Such contractile elements were thought to enable individual cells to move, in order to rearrange themselves in response to specific changes in their microenvironment. How this proposition applies to epithelial cells of a keloid is not clear. Further studies are needed to investigate the manner in which contractile ele ments develop in the cells of an epithelium overlying a keloid.
Vascularisation of corneal keloids was described in earlier reports as diffuse,6,8.10-14.17,18 anterior,9 or as diffuse but with more vessels located anteriorly.6,7,15 In our case, small blood vessels were detected only in the posterior portions of the keloid stroma, thus presumably posing cir culatory compromise of the anterior stroma, conceivably promoting oedema. This hypothesis is consistent with our observation that most of the blood vessels had thickened basal laminae, a feature which is thought by Vracko and Benditt24 to reflect a high turnover of the vascular endo thelium, leading to a degenerative event and enhancing oedema.
The avascular, oedematous anterior keloid stroma was atrophic, with ample interstitial space that was incom pletely occupied by amorphous and fibrillary material. The 'unoccupied' portions might represent either oedema tous swelling or degenerative foci where disintegration of collagen fibrils occurred and left irregular spaces?5 Furthermore, the ingress of water, accelerated by existing oedema, might explain the marked dilatation of the rough endoplasmic reticulum seen in some fibroblasts in the anterior stroma. It might also have caused an increase in cytoplasmic volume, leading to evagination of cytoplas mic material into the nucleus and thus accounting for nuclear pseudo-inclusions?6 On the other hand, accumu lation of glycogen in stromal fibroblasts may be interpre ted in terms of the level of fibroblast activity: it may indicate diminished usage in the relatively inactive fibro cytes, or it may express increased metabolic activity in young active fibroblasts.
In the stroma of our keloid specimen, whorl and nodule formations of collagen, characteristic of dermal keloids, were not found. Cibis et al.,15 confirming our finding, ascribed this inconsistency to the peculiar architecture of corneal collagen. However, the reshaping of corneal col lagen in our specimen may be correlated with the observed macrophages containing phagocytosed collagen. Their presence might signify reabsorption and remodelling of collagen, characteristic of healing wounds in man27 and guinea pigs.28 Easy separation of the keloid mass from the remaining cornea at the time of surgery implied a loose attachment between the two tissues. Microscopically, this correlated with the zone of 10 nm ·filaments deposited along the keloid-cornea interface. These deposits may represent either collagen precursors, products of collagen degener ation, amyloid fibrils, or some other substance. When viewed by electron microscopy, the 10 nm filaments were concentrated in a limiting band far removed from fibro blasts and loosely attached to the keloid stroma, making it less likely -but still a viable possibility -that they con sisted of immature forms of collagen.29 Histochemically, these filaments reacted positively with special stains for amyloid (Congo red and crystal violet) but failed to exhibit birefringence with polarised light. If such failure is attributed to the disorderly arrangement of these filaments in their dense deposits,30 the possibility that they are amy loid is not precluded. The considerable variation in thick ness (2-65 �m) of this limiting band of filaments could possibly be attributed to an unevenness in the plane of splitting when the keloid mass was separated from the cor nea during surgery.
The presence of climatic degeneration at the base of our keloid specimen is an incidental finding that was not unexpected. The clusters of climatic degeneration glo bules may have originated in the underlying corneal stroma and are consistent with the patient's age .
TWo important findings in our case are the detection in the keloid stroma of both fully developed myofibroblasts and densely fibrillated fibroblasts. James et al. 31 believe that the active phase of keloid growth is correlated with a predominance of myofibroblasts, and this is consistent with Chiu and McFarlane's observations in Dupuytren's contracture.32 It follows that the presence of myofibro blasts, in moderate numbers relative to the total fibroblast . population, in the corneal keloid of our patient may sug gest that it was nearing its inactive, mature phase. This is further supported by:
1. The presence of large intact nerves in the keloid stroma of our specimen was an unexpected finding. Peripheral nerves invariably lose their sheath of Schwann as they extend into the central cornea and terminate as bare axons in the stroma and around keratocytes. 35 Dyer and Enna36 suggest that intact nerves are essential for the development of normal and hypertrophic scars. This is based on their observation that the development of dermal keloids is rare in patients with denervated skin, as in lepromatous leprosy.
It is obvious that the role of each of the pathological processes involved in the formation of a corneal keloid (innervation, fibroblastic transformations, vascularisa tion, etc.) is speculative. The development of experimental models of corneal keloid formation would be essential for a better understanding of these processes.
